The effect of leaf detachment on chlorophyll fluorescence was analyzed for Zea mays, Cucumis sativus, Phaseolus vulgaris, and Echinochloa crus-galli. Results clearly indicate that detachment hastens the decrease in chlorophyll fluorescence during the course of chilling experiments. For maize and bean, the activity of photosystem II of chloroplasts isolated from detached leaves is lower than that of chloroplasts isolated from attached leaves. There are also large differences in ionic loss between detached and attached leaves of barnyard grass which could correlate with changes in leaf water status. The detached leaves lost some 50% of their total ionic content. Finally, detachment alters the ranking of the species with regard to their chilling tolerance.
There has been much interest in the use of room temperature Chl fluorescence as a probe for chilling injury (2, 3, (8) (9) (10) . In the procedure developed by Smillie and coworkers (8) (9) (10) assess chilling tolerance in plants, fluorescence is measured on detached leaves stored at 0°C in the dark. Changes in the Chl fluorescence induction curve are followed on the same excised leaves for time periods ranging from several h to weeks (9) . Such chilling in the dark results in a decrease in the slope of the rising phase of the Chl fluorescence induction (8) which has been interpreted as a reflection of damage occurring on the photooxidizing side of PSII (6) . However, it has been shown, using isolated chloroplasts of bean and tomato, that detachment and dark storage cause more damage to PSII than does the cold treatment itself (4) . Before using changes in Chl fluorescence of detached leaves as an indication of chilling tolerance, one must be assured that detachment itself does not affect the 'fluorescence as it affects isolated chloroplasts. The present study was therefore carried out to determine the effects of detachment of the leaves on Chl fluorescence during chilling experiments. 'hybrid GH-390'; Phaseolus vulgaris (L.) cv 'Canadian Wonder'; and Cucumis sativus (L.) cv 'Palomar'. Seeds were sown in a mixture of 2: 1:1 perlite, vermiculite, and peat moss and grown during June and July in Sydney, Australia, in a temperaturecontrolled greenhouse with a minimum of 17°C and a maximum of 28°C. For maize and barnyard grass, light was supplemented to yield 600 gmol -m-2. s-' at noon, by two incandescent bulbs (40 w) and six fluorescent lamps (80 w) placed 70 cm above the plants. Daylength was set at 14 h. Plants were watered daily with 6% Hoagland nutrient solution. Plants were used at age 6 to 7 weeks for barnyard grass, 4 to 5 weeks for maize, 4 weeks for cucumber, and 3 weeks for bean. Each experiment was replicated twice with a new group of plants and, in the case of barnyard grass, plants used in the replicate experiment were sown 6 weeks after the first cohort to rule out either photoperiod or greenhouse effects. All the results were statistically tested by analysis of variance and Tukey's honestly significant differences a posteriori method (11) .
Detached Leaves. Changes in Chl fluorescence were measured on detached leaves as described by Smillie and Hetherington (9) . Pieces of leaves, measuring between 20 and 30 mm, were cut and placed on moist filter paper over a metal plate and covered with a film of 02 permeable polyethylene. Leaves were dark adapted for 1 h then stored on ice in the dark. The temperature of the sample leaves was monitored throughout the experiment using thermocouples and a digital thermometer (Fluke, model 2190-A). For maize and barnyard grass, the first reading was carried out 1 h after the beginning of the cold treatment, while for bean and cucumber it was done after 10 min of chilling. These procedures were also carried out for leaf pieces kept on dry filter paper. In an additional experiment, leaves of E. crusgal/i were dark adapted overnight first, then cut in dim green light, to ensure stomatal closure. Excised leaves were immediately put on ice. In all cases, leaves were cut between 8:30 and 9:00 AM to avoid effects due to diurnal variations in chilling tolerance similar to those reported by King et al. (5) .
Attached Leaves. Attached leaves were chilled by sliding them into an icebox modified by cutting a thin aperture on two sides. The rest of the plant was kept at room temperature (22°C). The box was filled with ice and the attached leaves were lined up and taped on to dry filter paper covering the metal plate. For E. crusgalli, no significant difference was found when using dry versus moist filter paper underneath the attached leaves. The temperature of sample leaves was monitored throughout the experiment to ensure that detached and attached leaves were subjected to the same temperature. A replicate series of detached leaves was put on the same plate as the attached ones, on moist filter paper, to rule out any spacial effect of the metal plate.
Room Temperature Chl Fluorescence. Fluorescence induction curves were measured using a fluorometer (Richard Brancker Research Ltd., Ottawa, model SF-20) coupled with a time recorder (Riken-Denshi, model SP-H7P). The irradiance was 12.5 ,,, 100-hr.. ,umol m-2 s'. Sixteen leaf samples were used for each measurement. In previous studies using this method, measurements were expressed as FR3. This slope is obtained by the difference in relative Chl fluorescence between two time points as explained by Smillie and Hetherington (9) . Therefore, the results of this paper are expressed as changes in slopes to enable comparison with previous observations of Smillie et al. (2, 3, (8) (9) (10) .
Isolated Thylakoids. At the end of chilling treatments, activity of PSII was measured using isolated thylakoids extracted from maize, bean, and cucumber. The assays were carried out to compare attached, detached and attached nonchilled leaves. Thylakoids were extracted in 50 mm Tricine (pH 7.9) containing 50 mM NaCl, 4 mM MgC92-6H20 and 3.3 M sorbitol, centrifuged twice for 3 min at 6000g and washed in buffer without sorbitol. PSII activity was assayed by monitoring the reduction of potassium ferricyanide using p-phenylenediamine as electron acceptor. Measurements were carried out with a spectrophometer (Aminco-Chance, model DW-2 UV/vis) at 420 nm with 450 nm as the reference. Readings were replicated twice on each of two independent extractions. The assay mixture was standardized to 4 gg Chl/ml. The Chl content was assayed as described by Arnon (1) .
Conductivity. After 48 h of chilling, the concentration of ions remaining in detached, attached, and attached nonchilled leaves of E. crus-galli was determined by conductivity measurements (7) . Leaf samples (3 x 10 mm) were cut, avoiding the midvein, using sharp razor blades. Samples were obtained from the center portion of the detached leaves in order to avoid the edges which would first be depleted of ions. They were washed in 5 ml of distilled H20 for 2 h, then resuspended in 2 ml of fresh distilled H20 and boiled for 10 
RESULTS AND DISCUSSION
For cucumber, which is known to be highly chill-sensitive, detachment makes no significant difference in fluorescence (Fig.  1) . In all other cases, detachment has a significant effect on Chl fluorescence either expressed as true values or as percentage decrease (Figs. 2 to 4 ). In the case of beans (Fig. 2) , attached leaves have a higher fluorescence and the percentage decrease is less for attached than detached ones. After 5 h of chilling, FR for detached leaves declines by 60%, while attached leaves have lost only 30% of FR. Maize and barnyard grass are more chilling tolerant than the two previous species. For maize (Fig. 3) , detachment acts by reducing fluorescence and speeding the decrease in FR. This result contradicts an earlier report that detachment does not affect the Chl fluorescence of maize (8) . The The differences between attached and detached leaves are also shown in the activity of isolated thylakoids (Table I ). The results show that for both bean and maize, PSII activity is similar for attached non-chilled and attached chilled leaves. For cucumber, differences in PSII activity between detached and attached leaves are only slight, suggesting that severe damage occurs in both.
Changes in Chl fluorescence have been used to rank chilling tolerance in plants (2, 3, (8) (9) (10) and this ranking is made by comparing the time for FR to decrease by 50% (3) . Table II shows the ranking obtained from both detached and attached leaves. For detached leaves, there is no statistical difference in chilling tolerance between leaves of cucumber and bean, however results with attached leaves indicate that cucumber is more chilling sensitive than bean (p < 0.05) (Figs. 1 and 2) . Similarly detached leaves of barnyard grass appear more chilling sensitive than those of maize while the opposite results are obtained for attached leaves. When detached leaves are placed on dry filter paper, FR decreases more rapidly, indicating that water loss may be a problem in excised leaves (Figs. 1 to 4) . When leaves of barnyard grass are detached in the dark (Fig. 4) , stomatal closure slows
